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(S) Thin film electrical component 

(g) A biocompatibie tiiin film electrical compo- 
nent is configured for use in a human body or 
other ionic liquid envlronnrwnt A polyimide sub- 
strate is bonded to a glass carrier plate sized for 
handling by automatic equipment and a multip- 
le-layer metal conductor is deposited on the 
substrate and patterned to define an eiecfcrical 
circuit or biosensor. The polyimide and the 
glass establish a t>ond therebetween that with- 
stands handiing yet is broken using biocompat- 
ible releasing agents and techniques. The 
polyimide substrate and glass carrier plate pref- 
erably have similar thermal expansion proper- 
ties to reduce the lilcelihood of fracture and 
delamination problems during release of the 
sut>strate from the carrier plate. An ' insulation 
layer covers the metal conductor and, in one 
embodiment Is made of a polyimide having a 
cure temperature lower than the temperature at 
which interdlffusion occure in. the metal layere 
in the conductor. 
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THIN FILM ELECTRICAL COMPONENT 



Background and Summary of the Invention 

The present invention relates to thin film electrfcal 
components, and partjcularty, to a flexible, micro- 
miniature, waterproof, biocompatible, thin film circuit 
package that can be pattemed to function as a con- 
nector, sensor, or other electrical component More 
particularly, the present Invention relates to improve- 
ments in handling and configuring thin film circuit 
packages during manufacture. 

A thin film is typically a film of 0.01 to 0.5^m 
deposited on a glass, ceramic, or semiconductor sub- 
strate to form, for example, a capacitor, resistor, coil, 
or other circuit component Thin film integrated cir- 
cuits consist entirely of thin films deposited in a pat- 
temed relationship on a sutistrate. 

One aim of the present invention is to develop an 
improved biocompatible thin film sensor or circuit suit- 
BtAB for use in the human txKly. It has been observed 
that satisfactory biocompatibie thin film sensors or cir- 
cuHa cannot generally be produced by relying exclu- 
sively on the materials and techniques used to make 
conventional thin film structures. 

Testing and monitoring of many biological condi- 
tions in the human body or other ionic liquid environ- 
ments would be enhanced by the development of a 
waterproof thin film biosensor of miniature size and 
flexible character. However, conventional thin film 
structures are not generally designed to be biocom- 
patible with the human body and are made using pro- 
cesses which are not suitable for use with 
biomaterials. Also, conventional thin film structures 
are not flexible. 

A silicon wafer typically provides the foundation, 
platform, or carrier plate on which a conventional thin 
film structure is bult Automatic handling equipment is 
used to move the silicon wafer between manufactur- 
ing stations as a thin film structure is developed layer- 
by-layer on the silicon wafer. In this invention, the first 
thin film layer bonded to the silicon wafer carrier plate 
is used as a substrate of the thin film structurie. Once 
the thin film structure is constructed, the silicon wafer 
carrier plate is released from attachment to the sub- 
strate of the thin film structure and discarded 

A thin film structure can be damaged during the 
release of the thin film structure from its silicon wafer 
carrier plate if the structure is made of any material 
which is Incompatible with the acid etching solution or 
other release agent used to break the bonds coupling 
the substrate of the thin fSm structure to its silicon 
wafer carrier plate. It has been observed that many 
biomaterials of the type that could be used in the con- 
struction of a biologically compatible thin film structure 
are damaged or lose function upon exposure to con- 
venttonal silicon wafer-releasing agents. The etching 



solutions nonmally used to dissolve a silicon wafer 
cam'er plate are not compatible with biomaterials con- 
tained In a biocompatible thin film structure. 

5 It has also been observed that thin film metal con- 

ductors deposited on a polymer substrate coupled to 
a carrier plate tend to fracture and delamlnate upon 
release of the polymer substrate from its carrier plate 
foundation. It is thought that any difference In the coef- 

10 flcients of thermal expansion of the polymer substrate 
and its carrier plate foundation leads to the develop- 
ment of internal stresses in the polymer substrate as 
it IS heat-cured, because its coefficient of themial 
expansion is different from the carrier plate. Thin fDm 

IS stmcture fracture and delamination problems can 
result unless careful attention is given to the thermal 
expansion coefficients of the carrier plate foundation 
and substrate materials used to construct the thin film 
structure. 

20 Conventional thin film structures are known to 
contain an adheskm metal film to enhance t>onding of 
a noble metal film to its underiying polymer substrate. 
Such an adhesion metal film layer Is a useful bonding 
tool because noble metals used to form electrical cir- 

25 cuits in thin film structures do not adhere well directly 
to polymer substrates. For that reason, the adhesion 
metal layer is situated between the polymer substrate 
and the noble metal film layer. 

It has been observed that thin film structures suf- 

30 fer performance losses because of interd'rffuslon of 
abutting adjacent adhesion and noble metal film 
layers during any high-temperature processing of the 
thin film structure, for example, during heat-curing of 
a polymer precursor solution to provide a polymer 

35 insulation layer on the metal fHm layers. Performance 
losses include, for example, loss of flexibility of the 
thin fSm structure itself and development of metal fflm 
layer adhesion problems. In addition to these 
mechanical problems, metal interdiffusion can cause 

40 changes to occur in the electrical properties of the 
noble metal layer. 

The common solution to the metal interdiffusion 
problem In the semiconductor industry is the addition 
of a refractory metal layer (e.g.. tungsten or tantalum) 

45 between the adhesion and noble metal film layers. 
This extra layer acts as an interdiffusion barrier. Pro- 
cessing of a thin film structure, however. Is severely 
complicated by the deposition and patterning of such 
an additional refiractory metal film layer. 

50 One object of the present invention is to provide 
a biologically compatible thin film electrical compo- 
nent suitable for use in the human body or any other 
ionic liquid environment 

Another object of the present Invention Is to pro- 

55 vide a thin film electrical component configured and 
pattemed to function as a biosensor Includable In a 
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medical device implanted in a human body and a 
method of making this thin film electrical component 
to preserve its biosensor function capability. 

Still another object of the present invention is to 
provide a thin fBm structure which can be fabricated 
without the occunrence of stress damage at the 
release of the thin fDm structure substrate from Its car- 
rier piate foundation. 

Yet another object of the present invention is to 
provide a thin film structure that can be insulated with- 
out interdiffusion of ntetal film layers contained in the 
thin film structure. 

According to the present Invention, a thin film 
electrical component Includes a rigid glass carrier 
plate, a sut^sb-ate t>onded to the rigid glass carrier 
plate, and means for providing an electrical circuit. 
The substrate comprises a polymer establishing a 
bond with the rigid glass carrier plate that Is broken 
upon immersion of the substrate and the rigid glass 
carrier plate in either a boBing water bath or a room 
temperature physiologic saline bath to release the 
substrate from attachment to the rigid glass carrier 
plate. The means for providing an electrical circuit Is 
bonded to the substrate and undlsrupted during 
release of the substrate attachment to the rigid glass 
carrier plate. 

One feature of the present Invention is the provi- 
ston of a thin film electrical component in which the 
polymer substrate can be released from its carrier 
plate without the use of any release agent or tech- 
nique that could damage blomaterials contained in the 
substrate or means for providing an electrical circuit 
formed on the substrate. The selection of the proper 
glass for the carrier plate and the proper polymer for 
the subsb^te Is critical. In particular, a polymer that 
develops a bond to glass that is sb^ong enough only 
to withstand circuit fabrication processes but may be 
broken with biocompatiibe t>oi1ing water or biocompat- 
ible warm saline exposure is an important feature of 
the invention. Advantageously, the use of non- 
biocompatible silicon-etching release agents is 
avoided. 

Those skilled in the art will recognize that an 
unmodified PMDA-ODA type poiyimide is generally 
considered to be inferior compared to other possible 
substrate materials because of Its maiginal adhesive 
strength when bonded to most carrier plate found- 
ations. Thus, for most thin film appltoations, adhesion- 
promoting agents are added to It so that this poiyimide 
is modified to improve its bonding capability. Never- 
theless, in tiie present invention, marginal adhesive 
strength is desirable to permit the glass carrier plate 
to be released from the poiyimide substrate using 
biocompatible releasing agents and techniques. 
Thus, in the preferred embodiment, the polymer sub- 
strate comprises an unmodified PMDA-ODA type 
poiyimide. 

In preferred embodiments, the rigid glass carrier 



plate comprises a low-expansion type glass having a 
characteristic coeffteient of thermal expansion and 

6 the polymer forming the substrate comprises a 
poiyimide having a coefficient of thermal expansion 
that is substantially equivalent to the coefficient of 
thenmal expansion of the low-expanston glass. Such 
a match in thermal expansion ooefficients will cause 

10 the rigid glass canrler plate and the polymer subsfaata 
carrying the means for providing an electrical circuit 
to expand at about the same rate during exposure of 
the thin film structure to an elevated temperature. 
Advantageously, separation of the means for provid- 
es ing an eiecbical circuit from the sutistrato Is avoided 
during release of the polymer substrato firom attach- 
ment to the rigid glass carrier plate. 

Accordingly, another feature of the present inven- 
tion is that the carrier plate glass and the substrate 

20 polymer are carefully selected so that their coeffi- 
cients of thermal expansion are atxnjt the same. 
Advantageously, themnal matching of this type 
reduces the likelihood that serious fracture and 
delamlnation problems wiB arise during release of the 

25 polymer substrate from the glass carrier plate. 

Yet another feature of the present invention Is the 
provision of a polymer insulation layer with a relatively 
low cure temperature. Without metal interdiffusion 
considerations, a logical choice for this Insulation 

30 layer might be a photoimageable poiyimide because 
the layer can be patterned without the use of 
additional photoresist steps. Unfortunately, cunenfly 
available photoimageable polyimides require a high- 
cure temperature (450'^C} to drive out the photosen- 

35 sittzers. In the preferred emt>odiment, a BTDA-ODA 
poiyimide is used, with positive photoresist, to form 
the patterned insulation coating. This material can be 
cured as low as 250*'C, causing significantly less 
Interdiffusion and resulting problems. 

40 In the preferred embodiment, one type of 

poiyimide is used to provide the polymer substrate 
and a different type of poiyimkle Is used to provide the 
polymer insulator. The selection of the "substrate* 
poiyimide is governed by its releasability and thermal- 

45 expansion compatibility with a glass canier plate. For 
example, either a PMDA-ODA or BPDA-PPD type 
poiyimide is suitable. On the other hand, the selection 
of the ''insulator" poiyimide is governed by the mag- 
nitude of its cure temperature compared to the mini- 

50 mum temperature at which metals in the thin fDm 
electrical component begin to interdlflUse and by its 
adhesive strengtti to ttie underiylng polymer and 
metal layer. For example, as noted above, a BTDA- 
ODA poiyimide Is suitable. 

55 Also according to the present Invention, a method 

is provided of making a tiiin film eiecbical component 
The method comprises the steps of providing a rigkl 
glass carrier plate having a fiat surface, coating the 
fiat surface with a first polyamic acid prscursor solu- 
tion, and curing the first polyamic acid precursor sol- 
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ution using heat at a ffrst temperature to provide a 
layer of polylmide film bonded to the flat surface. In a 
piBferred embodiment of the present invention, the s 
polyimkJe film has a coefRcIent of thermal expansion 
that Is substantially equtvaient to the coefficient of 
thermal expansion of the rigid glass carrier plate so 
that creation of internal stresses tn the polylmide film 
during curing is avoided. In certain other emt>odi- lo 
ments, glass carrier plates and polylmide films having 
substantially dNferent coefficients of thermal expan- 
sion can be used. 

Preferably, the coating step further comprises the 
steps of dispensing the first polyamic acid precursor is 
solution onto the flat surface of the rigid glass carrier 
Plata, and spinning the rigid glass canier plate about 
an axis orthogonal to the flat surface to create a 
smooth polyamic acid precursor solution coating of 
substantially unifbnn thlclcness across the flat sur- 20 
face. This is a conventional spin-coating process 
commonly used in the semiconductor industry. The 
rigid glass carrier plate is spun at a speed between 
1,000 and 6,000 revolutions per minute during the 
spinning step. 25 

The method further includes the steps of forming 
means for providing an electrical circuit on the 
polylmide film, and exposing the rigid glass carrier 
plate, the polylmide film, and the means for providing 
an elecblcal circuit to either a hot water batii or a body 30 
temperature physiologic saline bath for a period of 
time sufficient to break the bond connecting the 
pdyimide film to the rigid glass carrier plate. The 
warm saline bath provides a biocompatible releasing 
agent which operates to cause the polyimide film to be as 
released from the rigid glass carrier plate without 
separating the means for providing an electrical circuit 
from the polylmide film. 

An electrical circuit is provided In the thin film 
electrical component by depositing a first adhesive 40 
metal layer on the polyimide film, a noble metal layer 
on the first adhesive metal layer, and a second adhe- 
sive metal layer on the noble metal layer to sandwich 
the not>le metal layer between the first and second 
adhesive metal layers, and pattemlng the deposited 4S 
noble metal layer and first and second adhesive metal 
layers to define means on the polyimide film for pro- 
viding an electrical circuit. Next, a second polyamic 
acid precursor solution is provided on the means for 
providing an elecblcal circuit by dispensing the sec- 
ond polyamic acid precursor solution onto the means 
for providing an electrical circuit, and spinning an 
assembly comprising the rigid glass carrier plate, the 
polyimide film, the means for providing an elecblcal 
circuit about an axis orthogonal to the flat surface of 
the rigid glass carrier plate. The assembly is spun to 
create a coating of second polyamic add precursor 
solution on predetermined exposed portions of the 
pdylnolde film and the means for providing an electri- 
cal cIrcuiL 
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The second polyamic acid precursor solution b 
then cured using heat at a second temperature to pro- 
vide a polylmide insulation coating on the means for 
providing an electrical circuit In cases where interdif- 
fuslon between noble and adhesive metal layers is a 
problem, the second temperature Is less than a 
characteristic minimum temperature at which interdif- 
fusion of the noble metal layer and the first and sec- 
ond adhesive metal layers occurs so that substantial 
InterdifTuslon of the noble metal layer and the first and 
second adhesive metal layers is avoided during heat 
curing of the second polyamic acid precursor solution. 

Additional objects, faatures. and advantages of 
the Invention will become apparent to those skilled in 
the art upon consideration of the following detailed 
description of a preferred embodiment exemplifying 
the best nrK>de of canying out the invention as pre- 
sentiy perceived. 

Brief Description of the Drawings 

The detailed description particulariy refers to the 
accompanying figures in which : 

Fig. 1 is a diagrammatic sectional view of a glass 
carrier plate during deposition of a polymer pre- 
cursor solution onto a fiat surface of the glass car- 
rier plate ; 

Fig. 2 Is a diagrannmatic elevation view of a 
polymer substrate on the glass carrier plate of 
Fig.1 ; 

Fig. 3 is a diagrammatic view of a metal compo- 
site conductor consisting of three metal layers on 
the polymer substrate of Fig. 2 ; 
Fig. 4 Is a top plan view of the component of Rg. 
3 showing configuration of the midtiple-layer 
metal conductor to provide a circuit element ; 
Fig. 5 is a diagrammatic sectional view of the 
component of Rg. 4 showing an access opening 
fonmed in the top metal layer and an insulation 
coating covering portions of the metal conductor; 
Fig. 6 is a top plan view of the component of Rg. 
5 showing a pair of uninsulated lead-attachment 
sites ; 

Fig. 7 IS a diagrammatic sectional view of the 
component of Rgs. 5 and 6 immersed in a liquid 
bath to release the glass canier plate finom attach- 
ment to the polymer substrate ; 
Fig. 8 is a dlagranrtmatic sectional view of a com- 
ponent In accordance with another embodiment 
of the Invention ; and 

Fig. 9 Is a top plan view of the component of Fig. 
8 showing a pair of uninsulated lead-attachment 
sites. 

Detailed Description of the Drawings 

A process for making a thin film electrical compo- 
nent Is illustrated In Figs. 1-7. Theflnlshed component 
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is illustrated in Fig. 7. As shown in Fig. 1 , a clean glass 
plate 10 is used at the beginning of the manufacturing 
process to provide a rigid carrier plate or foundation s 
for the thin film electrical component. A "photomask" 
blank is preferred because of Its precise flatness and 
smoothness and thermal stabQity. In the preferred 
embodiment; the plate 10 is a low-expansion glass 
consisting essentially of 60% Si02, 18% RO. 15% io 
AI2O3. 5% B2O3, 1% NazO, and 1% K2O. It wOl be under- 
stood that RO stands for "unknown metal oxide 
impurities." 

Square or circular glass plates may be used to 
provide plate 1 0 with outside dinMnsions ranging from 15 
3 inches (7.62 cm) to 6 Inches (15.24 cm) and 
thicknesses of about of 0.030 inches (0.076 cm) to 
0.090 inches (0.228 cm). A standard "silicon wafer or 
photomask" size can be selected for plate 10 to 
accommodate automatic handling and processing 20 
equipment Glass plate 10 can be cleaned using a 
conventional cleaning solution prior to use and may 
be reused Indefinitely. 

Referring to Figs. 1 and 2, a polymer substrate 1 1 
Is formed by spin-coating liqukj polyamic acid 12 onto 25 
a top flat surface 14 of the rigid quartz-glass plate 10 
as the plate 10 is spun about an axis 16 that is ortho- 
gonal to the flat surface 14. Illustratively, the glass 
carrier plate 10 Is spun at a speed between 1,000 and 
6,000 revolutions per minute. This spln-ooating tech- 30 
nique is desirable because It results In a smooth and 
unlfomn coating. 

The polyamic acid precursor solution 1 2 on glass 
plate 10 Is imidized using a two-stage heat cure pro- 
cess to provide a polymer substrate 11 comprising a 3S 
flat, uniform sheet of polyimkie. Substrate 11 is made 
of a polymer that has desirable electrical properties, 
a surface that metal can be deposited onto, and desi- 
rable release properties. PMDA-ODA (pyro-mellltlc 
dianhydride oxydianallne) type pdyimlde without 40 
adheston-promotion additives is the preferred 
polymer. This material t>onds very weakly to glass and 
such bonds may be broken with boiling water or warm 
saline exposure. However, the kx>nd between the 
polytmide and the glass is sufficient to withstand thin 45 
film circuit fabrication processes. For example, the 
bonding of this type of polyimide to glass Is sufficient 
to withstand typical photolithographic processes such 
as baking, acid etching, photoresist developing, and 
sputtering. Further, the coefficient of thermal expan- so 
sk>n of the pdyimMe is about the same as the coeffi- 
cient of thermal expansion of the preferred glass plate 
1 0 so that firacture and delamlnatlon problems will not 
adversely aff^t the thin fim electrical component 
upon release of the polyimide sut>strate 11 from the 55 
glass carrier plate 10. 

The thickness of polymer substrate 1 1 can be in 
the range of 10 to 100 ^m. This Is controlled by the vis- 
cosity of the polyamic acid precursor solution 12 and 
the spin speed of the glass carrier plate 10. Thick 



coatings (greater than approximately 25 \an) of 
polyimide are achieved by multiple coat-cure cycles. 
In another embodiment, a pre-made KAPTON® sheet 
Is used (0 provide polymer substrate 11 instead of a 
spin-coated liquid polyamic acid 12 subjected to a 
two-stage heat cure process. 

The metal layers are deposited and patterned as. 
shown In Figs. 3 and 4. A flexible conductor 18 is for- 
med on the top surface 20 of polymer substrate 11 
and includes a first adhesive metal layer 22 bonded 
to top surface 20. a noble metal layer 24 tx)nded to 
first adhesive metal layer 22, and a second adhesive 
metal layer 26 bonded to the noble metal layer 24 to 
trap the noble metal layer 24 between the first and 
second adhesive metal layers 22, 26. 

The three metal layers 22, 24, and 26 are depo- 
sited successively using standard thin film vacuum 
deposition methods. D.C. nr^agnetron sputtering is the 
preferred method because of its relatively high dep- 
osition rate and ability to form highly adhesive films. 
Gold Is the preferred noble metal because of its high 
ductility, although platinum and palladium are suitable 
alternatives. Chromium is the preferred adhesive 
metal, although titanium, tungsten, and tantalum are 
suitable alternatives. The adhesive metal layers are 
about 0.01 ^m to 0.02 ^m thick and the noble metal 
layer is about 0.1 |im to 0.2 (im thick. It wlll bB 
appreciated that it is not necessary to include a refrac- 
tory metal layer at the interface l)6tween each adhe- 
sive and noble metal layer because of the selection of 
a polymer insulator coating having a tow heat-cure 
temperature as described below. 

To provide an electrical component on the sul>- 
strate 11, the metol layers 22, 24, and 26 can be pat- 
terned using a variety of standard photolithography 
processes (not shown). A representath/e circuit pat- 
tern 27 (e.g., a resistor) is shown in Fig. 4. It will t>e 
appreciated that circuit pattem 27 could be any elec- 
trical element. Integrated circuit, sensor, orother com- 
ponent depending upon the intended functton of the 
thin film structure. 

A suiteble photolithography process generally 
Involves the application of a photoresist or masking 
material by spin coating. This material Is baked until 
dry. The material Is then exposed to ultraviolet light 
through a mask which contains the circuitry patterns. 
The photoresist is developed, leaving only selected 
areas masked. Exposed metal may be removed by 
wet chemical or dry plasma etch. The photoresist can 
then be stripped by solvent dip or plasma etching. In 
a preferred embodiment, positive photoresist, wet 
etching, and solvent stripping is used. Line widths and 
spaces as small as 5 jjjti have been made and dlmen- 
skins as small as 1 mhy are possible. 

An insulator cover 28 is needed to Insulate the 
conductor 20 electrically and prevent exposure of the 
potentially conroslve adhesive metal to lk|uids. The 
same patterning process that was used to define the 
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electrical circuit 27 In conductor 20 is now usable to 
remove the top adhesive nnetal layer 26 in areas of the 
conductor 20 that will be uninsulated. As shown in Fig. 
5. the second adhesive metal layer 26 is fomned to 
induds a pair of access openings 30 therein to expose 
a portion of the underlying noble metal layer 24 to pro- 
vide a lead-attachment site 32 on the noble metal 
layer 24. The metal in layer 26 Is removed about 5-10 
^m beyond the Intended location of the insulation 
opening edge 34. This distance must be sufFiclent to 
ensure coverage of adhesive metal edge 30 but mini- 
mal so that most of the insulation layer 28 is In contact 
with the adhesive metal. Polyimide substrate and 
insulation layers 1 1 , 28 do not ad here well to the nobie 
metal 24 directly. It is this precise alignment step that 
malces the use of spun-on substrates preferable in the 
present invention. It is dlfTicult to hold free-standing 
films sufficiently flat to ensure alignment accuracies of 
5 to 10 microns across a 3 inch (7.62 cm) to 6 Inch 
(15.24 cm) sheet As shown in Fig. 5, the polyimide 
coating defining insulator cover 28 includes a wall 31 
that extends into the access opening 30 formed in the 
second adhesive metal le^er 26 to contact the noble 
metal layer 22. 

The insulation layer 28 Is deposited and patter- 
ned. In one preferred emt>odiment, the insulation 
layer 28 is comprised of a BTDA-ODA type polyimide 
which can be cured at a temperature as low as 250°C 
to minimize the opportunity for metal interdiffusion 
problems in conductor 20 to develop. Coating 
thicknesses of 1*25 \m can be used to provide insu- 
lation layer 28. Alternatively, a PMDA-ODA type 
polyimide can be used to provide insulation layer 28. 
Photoimageable polyimides are preferred because 
non-photoimageable polyimides require more proces- 
sing steps. 

The insulation layer 28 is fabricated by spin-coat- 
ing a polyamic acid precursor solution on conductor 
20 as nKKinted on polymer substrate 1 1. curing the 
precursor solution to form the chosen polyimide at a 
temperature that is less than the minimum tempera- 
ture at which interdiffusion of the noble metal layer 24 
and the adhesive metal layers 22, 26 occurs, applying 
photoresist, etching, and stripping. Advantageously, 
substantial interdiffusion of the noble metal layer 24 
and adheshre metal layers is avoided by curing the 
polyamic acid precursor solution-forming insulator 
cover 28 at a low temperature. It will be appreciated 
that the cure temperature of the polymer precursor 
used to form the polymer 8ut>strate 1 1 is not limited to 
this low temperature because ft is heat-cured before 
any of the metal layers 22. 24, and 26 are deposited 
thereon. 

It has been discovered during work on the present 
invention that if goki and chromium are employed as 
the noble and adhesk>n metals, respectively, interdif- 
fuston (whkih leads to sensor cracking) between the 
noble and adheston metal layers does not occur even 



when a polyimide having a high cure temperature is 
used to provide insulation layer 28. If a gold/chromium 

5 metal combination is used, high and low temperature 
polyimides can be used to provide insulation layer 28. 
It has been observed that a metal layer interdiffusion 
problem exists if any of the other noble or adhesion 
metals listed above are substituted for gold or 

10 chromium, e.g., platinum for gold or titanium for 
chromium. Accordingly, the gold/chromium combi- 
natbn Is the best nnode at present 

In another embodiment of the present invention 
Illustrated in Figs. 8 and 9, these elements referenced 

15 by numbers identical to those in Figs. 1-7 perfonn the 
same or similar function. The primary features disting- 
uishing this embodiment from the previous embodi- 
ment is the use of a room temperature vulcanizing 
polymer to form the insulation layer and the absence 

20 of an adhesive metal layer between the noble metal 
layer and the insulation layer. 

A conformal coating is used to form insulation 
layer 128 as shown In Figs. 8 and 9. In a prefen^ed 
embodiment, this coating is ia synthetic polymer elas- 

25 tomer consisting essentially of a silicone resin such as 
dimethyl sHoxane and an adhesion promoter such as 
methoxy silane. A suitable coating material is MS- 
460™ resin available from Miller-Stephenson Chem- 
ical Company, Inc. of Danbury, Connecticut This 

30 resin is available in solution for spin-on application or 
aerosol for spray-on application. Use of the spray-on 
technique is prefenred because it is more amenat>le to 
mass production. 

The silicone resin used to provide insulation layer 

35 1 28 is a one-part system that cures in place at room 
temperature. It is an alternative to heat-cure polymers 
of the type curable only at the high temperatures that 
can cause metal Interdiffusion problems. As noted 
above, there are some thin film applications where the 

40 metal conductors cannot be exposed to the high tem- 
peratures required to cure the polymer Insulation 
layer film. 

Another advantage of conformal coating mate- 
rials, particulaily silicone resins, is that they are more 

45 hydrophobic than other materials such as polyimides. 
The hydrophobic nature of conformal coatings, par- 
ticularty the siPicones, results in a lower amount of 
moisture pickup. Also, the preferred conformal coat- 
ing adheres well to gold, which eliminates the need for 

50 a layer of adhesive metal t>etween the noble metal 
layer 24 and the insulation layer 128. This decreases 
the number of processing steps required for fatiri- 
cation of the thin film electrical component and. in 
turn, decreases the cost of producing the component 

55 Access openings 134 are easUy formed in the 

Insulatton layer 128 after it cures. These openings can 
be created, for example, using either a dry plasma 
etch or by masking these areas prior to appl ication of 
the conformal coating to the noble metal layer 24. The 
conformal coating 128 a flexible material well-suited 
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tor use in a thin fiim efectrical component that nfiust be 
able to be flexed in use. 

The final step is to release the polymer substrate 
1 1 from the rigid glass carrier plate 10 as shown in Fig. 
7. Two methods are suitable : 3 hour immersion in a 
100**C water bath or 24-hour inunersion in a 37<*C 
physiologic saline bath. These times and temperat- 
ures may t>e varied slightly while still achieving the 
same result The boiling water method is the most 
expeditious process for production. The body tenrv 
perature saline process is useful where temperature 
sensitive materials such as enzymes, antibodies, or 
other biomaterials have been attached to the circuitry. 

An additional step can be added before the sub- 
strate 1 1 is released from glass cam'er plate 1 0. The 
outline of the thin film electrical component may be cut 
out with high accuracy using an exclmer laser. The 
ultravioletwavelength of this laser cuts polyimlde rapi- 
dly but does not damage glass used to provide the 
carrier plate 10. In addition, this cutting mechanism 
generates no mechanical or thermal disruption which 
could damage biomaterials. 

Very thin, flexible substrates are required for 
btosensors. A biosensor nmjst be small enough to fit 
into a hypodermic needle or a venous or arterial 
catheter and withstand some flexing . This type of sub- 
strate is not easily handled or held flat, two neces- 
sities for cost-efTective photolithographic production. 
Biosensor substrates must also be free of contamin- 
ants and be biocompatible. All of these requirements 
are met by a thin film electrical component in accord- 
ance with the present invention. High purity liquid 
polymer precursors are available and relathrely inert 
biologically when cured. Glass plates are available 
with very good flatness and can be loaded Into various 
cassette mechanisms for automatic handling and 
transfers. Also, a means is provided for releasing the 
thin film structure without damage to biomaterials. 

Rexibility is a main advantage of the circuitry 
used to construct the thin film eiectolcal component of 
the present invention. Curved and three-dimensional . 
thin film structures can be built as a result of the flexi- 
ble character of the conductor 20. The flexibility of the 
thin film electrical component makes it easily adapt- 
able to provide a sensor compilable with a surface to 
be measured or a connector. By contrast, typical thin 
film or semiconductor substrates such as silicon, 
alumina, and silicon dioxide are very brittle in such 
thin sections. 

The smalt conductor and Insulator feature size 
results In very small overall device size. This is par- 
ticulariy advantageous for portable or Implanted 
devices. It is also useful for high-density connectors 
such as those that interface directly with integrated 
circuitry. There is at least a ten-fold reduction in size 
compared to standard flex circuitry. 

The waterproof nature of this circuit gives it the 
advantage of being able to operate in many adverse 



environments not suitable for traditional circuitry. 
These include : fresh water, salt water, physiologic 
5 saline (body fluid), tx>iling water, and steam. This 
opens many medical, industrial, and marine appli- 
cations. 

Polyimide is relative inexpensive compared to 
silicon and other typical microclrcuit foundation mate- 
to rials. This means that one can afford to make the con- 
necting leads on the same substrate as the acth^e 
circuitry, thereby eliminating wire bonds and connec- 
tors. Polyimide has been shown to t>e biologically 
inert Liquid poiyamlc acid is available in higher purity 

IS levels than sheet polyimide. 

Many electrical components can be made simply 
by patterning the metal and insulation layers 22, 24, 
26, and 28. These include resistors, capacitors, con- 
nectors, antennae, contact pads, electrodes, heaters, 

20 inductors, fuses, and thermistors. 

in addition, piezoelectric photoresistive, or mag- 
netic fDms may be applied yielding sensing elements 
for force, light, and magnetic fields. The noble metal 
surface 24 can be electroplated to form electrochemi- 

25 cally useful detection electrodes (i-d., platinum, sii- 
ver/s liver-chloride). Active devices (optoelectronic 
components, transistors, integrated circuits) may be 
attached to the circuit to achieve amplification, regu- 
lation, or other functions. 

30 An area of wide application is implanted medteal 

devices. These could be electrochemical sensors, 
electrodes, or other physical sensors for strain, tem- 
perature, or fluid conductivity. Stimulating electrodes 
for the cochlea, heart, brain, or spinal cdumn could 

3S also be made. The geometries allow such devices to 
be built to fit inside small size catheters and hypoder- 
mic needles. 

Although the inventton has t>een described in 
detail with reference to certain preferred emi>odi- 

40 ments, variations, and modifications exist within the 
scope and spirit of the invention as described and 
defined in the following claims. 



45 Claims 

1. A thin film electrical component comprising 
a rigid glass carrier plate, 
a substrate bonded to the rigid glass car- 
50 rier plate, the substrate comprising a polymer 
establishing a l>ond with the rigkl glass canrler 
plate that |s broken upon immersion of the sut>- 
strate and the rigid glass carrier plate in one of a 
hot water bath and a wanm temperature 
55 physiologic saline bath to release the polymer 

from attachment to the rigid glass cairier plate, 
and 

means for providing an electrical circuit, 
the providing means being bonded to the sut>- 
strata and undisrupted during release of the sub- 
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strate from attachment to the rigid glass carrier 
plate. 



4. A. thin film electrical component comprising 

a polymer substrata. 

a first adhesive metal layer bonded to the 
polymer substrate, 

a noble metal layer t)onded to the first 
adhesive metal layer, 

' a second adhesive metal layer bonded to 
the noble metal layer, the not>le metal layer being 
sandwiched between the first and second adhe- 
sive metal layers, and 

a polymer Insulator bonded at least to the 
first and second adhesive metal layers to cover all 
exposed surfaces of the first and second adhe- 
sive metal layers unbonded to one of the polymer 
8ut>strate and the noble metal layer. 

5. The component of daim 4. wherein the polymer 
insulator comprises a polyamlc acid precursor 
solution cured at as heat-cure temperature to pro- 
vide a poiylmlde coating, the polyamic acid pre- 
cursor solution having a heat-cure temperature 
that is less than a characteristic minimum tem- 
perature at which interdiffualon of the noble metal 
layer and the first artd second adhesive metal 
layers occurs so that substantial interdlffision of 
the noble metal layer and the first and second 
adhesive metal layers is avoided during heat cur- 
ing of the polyamic acid precursor solution. 

e. The component of daim 4, further comprising a 



rigid glass carrier plate, the polymer substrate 
being bonded to the rigid glass carrier plate to 
s facilitate handling of the polymer substrate by 

automatic equipment 

7. A thin film electrical component comprising 
a polymer sut>strate, 

circuit means for providing an electrical cir- 
cuit, the circuit means t>eing bonded to the sub- 
strate, and 

insulating means on the sut>strate for pro- 
viding an insulating cover on the circuit means, 
the insulating means comprising a synthetic 
polymer elastomer. 

8. The component of claim 7, wherein the circuit 
means comprises an adhesive metal layer bon- 
ded to the substrate and a noble metal layer bon- 
ded to the adhesive metal layer and the synthetic 
polymer elastomer is bonded directly to the noble 
metal layer. 

9. The component of any one of claims 2 to 6 and 8. 
wherein the adhesive metal layer or layers is a 
material selected from the group consisting 
essentially of titanium and chromium and the 
noble metal layer is a material selected from the 
group consisting essentially of gold, platinum and 
palladium. 

10. The component of any one of Claims 1 to 9, whe- 
rein the polymer substrate is a PMDA-ODA type 

35 polyimide or a BPDA-PPD type poiylmlde. 

11. A method of making a thin film electrical compo- 
nent, the method comprising the steps of 

providing a rigid glass carrier plate having 
40 a flat surface, 

coating the fiat surface with a first polyamic 
acid precursor solution, and 

cun'ng the first polyamic add precursor sol- 
ution using heat to provide a layer of poiylmlde 
45 film bonded to the flat surface, the polyimide film 
having a coefficient of thermal expansion that is 
substantially equivalent to the coefficient of ther- 
mal expansion of the rigid glass carrier plate so 
that creation of intemal stresses in the polyimide 
so film during curing is avoided. 

12. The method of Claim 11, further comprising the 
steps of 

forming means for providing an electrical 
55 circuit on the polyimide film, and 

exposing the rigid glass carrier plate, the 
polyimide film, and the means for providing an 
electrical circuit to one of a hot water bati\ and a 
room temperature physiologic saline bath fbr a 
period of time suffident to break the bond con- 



2. The component of daim 1 , wherein the means for 
providing an electrical circuit comprises an adhe- 
sive metal layer bonded to the substrate and a 
noble metal layer bonded to the adhesive metal 
layer, and further comprising insulating means on lo 
the suk)Strete for provkling an insulating cover on 
the means for providing an electrical circuit, the 
insulating means comprising a polyamic acid pre- 
cursor sdution cured at a heat-cure temperature 
to provide a polyimide coating, the polyamic acid is 
precursor sdution having a heat-cure tempera- 
ture that is less than a characteristic minimum 
temperature at which Interdiffusion of the noble 
metal layer and the adhesh^e metal layer occurs 
so that substantial interdiffusion of the noble 20 
metal layer and the adhesive metal layer is 
avoided during heat curing of the polyamto acid 
precursor sdution. 

3. The component of daim 2, wherein the means for 25 
providing an electrical circuit further comprises 
another adhesive n>etal layer bonded to the noble 
metal layer to lie between the noble nrtetal layer 
and the insulating means. 
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necting the polyimide fOm to the rigid glass carrier 
plate so that the polyfmlde fUm is released from 
the rigid glass carrier plate without separating the s 
means for providing an electrical circuit from the 
polyimlde fOm. 
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